Abstract Content quality indicators are warranted in order to help patients and consumers to judge the content quality of health-related on-line information. The aim of the present study is to evaluate web-based information on health topics and to assess particular content quality indicators like HON (Health on the Net) and DISCERN. The present study is based on the analysis of data issued from six previous studies which assessed with a standardized tool the general and content quality (evidence-based health information) of health-related websites. Keywords related to Social phobia, bipolar disorders, pathological gambling as well as cannabis, alcohol and cocaine addiction were entered into popular World Wide Web search engines. Websites were assessed with a standardized proforma designed to rate sites on the basis of accountability, presentation, interactivity, readability and content quality (evidence-based information). ''Health on the Net'' (HON) quality label, and DISCERN scale scores were used to verify their efficiency as quality indicators. Of 874 websites identified, 388 were included. Despite an observed association with higher content quality scores, the HON label fails to predict good content quality websites when used in a multiple regression. Sensibility and specificity of a DISCERN score [40 in the detection of good content quality websites were, respectively, 0.45 and 0.96. The DIS-CERN is a potential quality indicator with a relatively high specificity. Further developments in this domain are warranted in order to facilitate the identification of high-quality information on the web by patients.
Introduction
Internet is an important source of information on health [1] and mental health related issues [2] . Reasons to visit medical websites are most frequently to seek information or advice on Y. Khazaal (&) Á A. Chatton Á D. Zullino Á R. Khan Division of Addictology, Geneva University Hospitals, Rue verte, 2, 1205 Geneva, Switzerland e-mail: yasser.khazaal@hcuge.ch symptoms, diseases, medical condition or treatments [3, 4] . Prevalence of mental health disorders and addiction as well as the burden of these disorders and possible barriers to treatment [5] may lead people and their relatives to search on-line evidence-based information. This makes it particularly important for websites to present high quality and accurate information which may help people to make informed choices about their treatment.
Unfortunately, it appears from several studies that the quality of information on health and mental health as well as addiction websites is poor [6] [7] [8] despite rare exceptions such as bipolar disorder [9] .
Content quality indicators are warranted in order to help patients and consumers to judge the content quality of on-line information and to discriminate good sites from others.
Several tools for appraising the quality of health related information for general consumer had been developed. Amongst others, Health on the Net foundation (HON) has issued a code of conduct for medical sites [10, 11] and attributes a quality label taking into account the following points: disclosure of authorship, sources, updating of information, disclosure of editorial and publicity policy, as well as confidentiality.
Several other web-sites quality indicators were defined [12] [13] [14] taking into account a variety of factors such as design and aesthetics of the site, readability, dating of information, authority of source, accessibility, disclosure of authors and sponsors. Composite scores based on the sum of several factors [8] or on a overall subjective quality were also proposed [6] . Several recommendations and definitions of good health-related websites were also developed [15, 16] .
With few exceptions such as the HON label, most of these possible quality indicators remain complex measures probably more helpful for site owner and designer than for a common consumer.
The DISCERN instrument is a reliable questionnaire developed in order to enable patients and people without content expertise to assess the content quality of information about treatment choice such as the extent to which the information appears unbiased [17, 18] . The instrument comprises 16 items each rated from 1 to 5. Consumer and health professionals DISCERN ratings have been found to be significantly correlated [19] . Despite several studies on its reliability, it remains that data on the validity of DISCERN as indicator of the content quality of health-related websites is still limited.
Furthermore, the DISCERN score predicts content quality in some studies [18] [19] [20] but not others [8, 9] . Likewise, the HON label predicts content quality in some studies [20, 21] but not in others [8, 9, 22] . This discrepancy is possibly due to a relatively low rate of sites holding the HON label in several studies. Similarly, DISCERN was rarely applied in conjunction to a tool measuring evidence-based health information to a high number of websites.
Recently, a brief version of the DISCERN was proposed. Sensibility and specificity of a cut-off score was computed for the detection of good content quality websites [23] . To the best of our knowledge, similar data on the DISCERN and the HON are not available to date and could be interesting due to the potential interest of these tools and their frequent use.
Surprisingly, the origin of the sites (university, commercial…) does not predict content quality in several previous studies [8, 9, 22, 24] . So, sites owned by Universities have usually no better content quality than commercial sites. This finding has been considered as possibly due to the small number of sites in several owner categories.
The present study aimed to determine content quality indicators on a large sample of health-related websites and particularly to assess the value of HON label and DISCERN as potential content quality indicators.
Methods
The present study is based on the analysis of data issued from six previous studies [8, 9, 20, 22, 25, 26] which assessed with a standardized tool the general and content quality (evidence-based health information) of health-related websites for the following domains: gambling, alcohol, cocaine, cannabis, bipolar disorder and social phobia. The first aim of these previous studies was to evaluate the content quality, readability, aesthetic, accountability, and interactivity of websites found with key words requests on general search engines. With the exception of bipolar disorder websites, it appears that the content quality of the websites studied was relatively poor (less than average or average). Furthermore these studies assessed aesthetic, readability, interactivity, HON label, DISCERN and global score (the sum of accountability, interactivity, content quality and aesthetic criteria) as potential indicators of content quality. Aesthetic, readability and interactivity were repetitively found as negatively associated with content quality. This results concords with studies from other groups [6, 27] and may reflect various conception of websites (more interactive, less informative vs. more informative, less interactive). The global score appeared as a good content quality indicator. It remains however a complex measure. Results on the HON and DISCERN were variable on these six previous studies. The DISCERN score predicts content quality in some studies [20] but not others [8, 9] . Likewise, the HON label predicts content quality in some studies [20] but not in others [8, 9, 22] . The collection of data assessed similarly for 388 websites offer the opportunity to assess the sensibility and the specificity of HON label and DISCERN as potential useful and simple content quality indicators which was not done in the previous studies with smaller sample sizes.
Typical searches were performed to produce lists of website similar to those generated by a common user with limited internet or medical knowledge.
Selection of Websites
Keyword searches and websites evaluation were done between July 2006 and September 2007 by 3 psychologists and three medical doctors. Keywords related to social phobia, bipolar disorders, pathological gambling as well as cannabis, alcohol and cocaine addiction were entered into popular World Wide Web search engines ( Table 1 ).
The first 20 English language websites forthcoming from each keyword query were examined, as most people rarely search beyond the first 20 retrieved links [7] .
Sites were excluded if: inaccessible (invalid address), already reviewed in the current study, containing no information on the topic, requiring access fee, discussion group or open forum, not a site (external links, books or articles) and no information in English.
Evaluation of the Websites
Websites affiliations were divided into five categories: commercial, university, non-profit organization, governmental, or other according to the suffix (i.e. gov: government) and the declaration of affiliation (in order to explore potential links between affiliation and content quality). Presence of the Health On the Net foundation logo (HON) was also considered.
Websites were assessed with a standardized proforma designed to rate sites on the basis of accountability, presentation, interactivity, readability and content quality. The proforma includes most of the health-related websites quality criteria as defined by the Commission of European Communities [15] and the American Medical Association [16] .The proforma based on previous studies [6, 12, 20, [28] [29] [30] , assessed content quality, accountability (Silberg scale) [12] , interactivity [30] , Abbott's aesthetic criteria [28] and readability [28] .
Accountability was assessed using a 9-point scale [6, 12] to rate sites based on criteria of authorship: whether authors and their affiliation and credentials were identified; attribution: whether sources and references were mentioned; disclosure: whether ownership of the site, sponsoring and advertising were disclosed; and currency: whether the date of creation and modification of the site has been specified. For each covered item, 1 point is given to the site.
Interactivity was assessed using an adaptation of Abbot's scale [30] evaluating the presence of audio or video support, a within site search engine, satisfaction and knowledge evaluation questionnaires for users, supporting bodies (forums, discussion rooms), and the possibility to send queries to the webmaster or authors. For each covered item, 1 point is given to the site.
Aesthetic was assessed using Abbott's criteria [30] adapted by Kisely [28] evaluating presence of, diagrams, hyperlinks as well as absence of advertising as well as headings and subheadings. For each covered item, 1 point is given to the site.
Readability was assessed using the Flesch-Kincaid grade level score and the FleschKincaid readability index [28] . The first score evaluates the degree of text reading difficulty with regard to USA school. A score of eight, the recommended level for standard documents, means that an eighth grade student can easily understand the document. The second score is included in the Microsoft word spellchecker and ranges from 0 to 100, with higher scores reflecting higher legibility.
Content quality was evaluated on the availability of responses to probable queries. Questions focused on advice for treatment and information concerning the diagnosis, the epidemiology and the complications of each medical condition studied, as it was previously shown that these kind of questions are the most common patients and relatives query on the Internet [3] . The retrieved information was compared to an appropriate guideline for each query: The guidelines of the American Psychiatric Association (2006) for bipolar disorder, cocaine, cannabis and alcohol dependence, the Practice Guidelines for Treating Gambling-related Problems developed by the Massachusetts Council on compulsive gambling, January 2004 and an expert consensus [31] for social phobia. A content quality score was then defined as the sum of coverage (exhaustibility) and accuracy (correctness) [29] . Similar to the previously described [6, 20] , a global score was defined as the sum of Silberg, interactivity, adapted Abbott's aesthetic criteria and content quality.
Finally, the DISCERN was used. For each study, inter-rater reliability of proforma scores was assessed based on a random sample of sites with at least two trained evaluators.
Raters were trained to use the proforma (with standardized coding process for each component of the proforma) during group sessions before contributing to the evaluation of the websites. Particularly, they were trained to DISCERN according to the guidelines available on the DISCERN website www.discern.org.uk/ which contains an online version of the DISCERN instrument and handbook. Raters completed in group a practice run of a set number of materials which are checked and discussed before contributing to a formal review process. They were similarly trained to the assessment of content-quality according to the specific guidelines chosen. An inter-rater evaluation was then systematically performed and appeared to be good as detailed in the 6 previous studies, particularly for DISCERN (r was always [0.900; P \ 0.01) and for content quality (r was always [0.800; P \ 0.01) [8] .The inter-rater reliability, as previously shown [22] was also good for the other components of the proforma such as: Silberg (r = 0.841; P \ 0.05), Flesh Reading ease (r = 0.886; P \ 0.05), Flesch Kincaid level (r = 0.865; P \ 0.01), Abbott's esthetic criteria (r = 0.801; P \ 0.05), and interactivity (r = 0.805; P \ 0.01).
Analyses
Statistical analyses were performed using SPSS for Windows (version 15.0). Student's t-tests were used to compare sites having the HON label and sites without this label. One-way analysis of variance (or its non-parametric counterpart) was also performed to compare sites according to their origin (commercial, university, government, etc.).
Two multiple regression analyses including the HON on one side and the DISCERN on the other side amongst others as predictors were done with a view to predicting the content quality of websites. Receiver Operating Characteristic (ROC) curves were then used to compare the predictive abilities of these two competing models. To this end, the predicted values of each regression were saved and imputed as test variables. The area under the curve (AUC) serves as an indication of the discrimination capability of each regression model: the greater the area, the more the regression model discriminates between sites with poor content quality and sites with good to very good content quality. In other words, the further the curve lies above the reference line, the more accurate the regression model. We prespecified an acceptable AUC C 0.7.
Depending on the medical subject studied in the previous studies, content quality maximum scores are 20, 24 or 28. A standardized 28 points content quality score was obtained as follows: two weighted factors of 2/7 and 1/7, respectively, are multiplied by this maximum and the result added to the current value of the content quality. For instance, the standardized value for a site with current content quality score of 16 and initial maximum score of 20 is 24 (16 ? 2/7*28) whereas this value becomes 20 (16 ? 1/7*28) if the initial maximum score is 24. Based on previous studies [23] , a cut-off point of 20/28 has been chosen taking into account the similar cut-off used in school or university (20/28 = 14.3/20 = 71.4/100). This cut-off is higher than 14, the mean score for a minimal and mostly right information. It has been chosen to delineate sites with poor content quality and sites with good to very good content quality, it being understood that the last one scored 20 and above.
Before proceeding with the prediction, a factor analysis was carried out in order to reduce a large number of correlated predictors, namely the Silberg scale, the Abbott's aesthetic criteria, the Flesch-Kincaid grade level, the Flesch-Kincaid readability index and the Interactivity scores with the aim of incorporating only a small subset of uncorrelated variables.
To test whether Factor analysis is satisfactory, we used the Kaiser-Meyer-Olkin (KMO) and Bartlett's tests to measure the sampling adequacy. The KMO measure should be equal or greater than 0.5 to proceed with Factor analysis, while the Barlett's test of sphericity should be statistically significant at the 0.05 level, meaning that the correlation matrix is not an identity matrix.
Two criteria for deciding how many factors to retain were observed: the Kaiser rule and the Cattell scree plot obtained by principal components extraction.
The Kaiser rule states that all factors with Eigen values greater than 1 should be retained. Although this rule seems conservative or old fashioned, one has to bear in mind that Eigen values less than 1 originate from factors that account for less variance than the original variables.
The Cattell scree plot, i.e. a graph which shows the magnitude of the Eigen values versus the components serve to confirm these factors: the rule being that factors above the inflexion point of the slope must be retained. The extraction of the factors was made by variance maximizing (varimax), rotation of the original variable space, ensuring that these factors are uncorrelated or orthogonal to each other.
The factor analysis being completed, the extracted significant factors, the origin of the sites, the HON alternately with the DISCERN were analyzed through two multiple linear regressions for the prediction of content quality. These two regressions are presented as model 1 and model 2, respectively. Dummy-coding scheme was adopted for categorical variables. The assumptions of independent normally-distributed errors and constant variance of errors were checked by studying the residuals from the model. Potential collinearity among the independent variables was studied through the variance inflation factor (VIF) value and goodness of fit of the model was assessed through the coefficient of determination: the adjusted R 2 statistic. For all analyses, a significance level of P B 0.05 was used.
Results
We reviewed 874 websites. After application of the exclusion criteria, the data of 388 web sites on alcohol dependence (n = 103), bipolar disorder (n = 34), cannabis addiction (n = 57), cocaine addiction (n = 61), gambling (75) and social phobia (n = 58) were analysed together. Means and standard deviation scores are reported in Table 2 .
Twenty-one per cent (21%) of the sites had the HON label. Results of the comparison between the sites holding the HON label with those without the label are reported in Table 3 . HON label websites have higher scores on content quality, accountability (Silberg score), interactivity and modified global scores.
Results of the comparison of sites categories (university, commercial…) are reported in Table 4 . No differences were found on content quality score nor DISCERN. Nevertheless, significant differences appear on accountability, aesthetic and readability criteria.
Regarding the variable reduction for the prediction, the KMO measure and the Barlett's test are all satisfactory. Two factors that have been extracted by principal components with a varimax rotation account for almost 66% of the variance. The Flesch-Kincaid grade level and the Flesch-Kincaid readability index load on factor 1, thereafter named ''readability''. The Silberg and Interactivity scores load on factor 2, called ''accountability and interactivity''.
The model with HON label, origin of the sites (government site as the reference category), readability, accountability-interactivity as predictors and content quality as the outcome using enter method (model 1) yields the following observations. The overall F statistic of the regression was significant (F (7,376) = 2.1 and P = 0.04), rejecting the null hypothesis that the population multiple correlation is 0 and the adjusted R 2 statistic showed that only 2% of the total variation in the outcome variable was explained by this model. There was no statistically significant predictor as shown in Table 5 .
A new prediction model with the DISCERN variable shows that the overall F statistic was highly significant (F (7, 376) = 44.2 and P \ 0.0005). The adjusted R 2 statistic revealed that 44% of the total variation in the outcome variable is explained by this model. Unlike the previous model, two predictors (factor 2 and DISCERN) significantly explained the content quality. The results are presented in Table 6 . Once the two regressions are finalized, the respective predicted values are saved and subsequent ROC analyses may be conducted. We examined the performance and efficiency of each model. Model 1 did not meet the pre-specified AUC threshold of 0.7. Its exact value was 0.63 (CI [ [0.57, 0.69]). Considering that good or very good sites have a content quality score of 20 and above, its sensibility and specificity were 0 and 100%, respectively, at this specified cut-off. Regarding model 2, the AUC was 0.83 (CI [ [0.79, 0.88]) and its sensibility and specificity 45 and 96%, respectively, using the same cut-off. Hence, every 4 sites out of 100 on average would be incorrectly identified as good to very good. As shown with ROC curves (Fig. 1) and Table 7 , DISCERN is a better discriminator than the HON label.
Discussion
The present study aimed to determine content quality indicators of mental health related internet sites. In the present study, content quality was not associated with origin of sites neither with the HON label. Content quality was however positively associated with DISCERN. Although sites holding the HON label appear to have higher content quality score than sites without the HON label, the predictive ability of this label to detect good content quality websites was not demonstrated in this study. In a multiple regression analysis including the DISCERN, it appears that DISCERN is positively associated with content quality, whereas factor 2 (accountability and interactivity) was negatively associated with content quality. This last result is in accordance with previous studies showing a negative relation between factors such as readability, accountability and interactivity and content quality [18, 27] . It was previously hypothesized that most Internet sites choose either to promote the quality of their content, either to promote other aspects such as interactivity and rarely these two aspects concomitantly [9] . Surprisingly, origin of sites including University websites was not associated with content quality. One plausible explanation might be the lack of financial means available for this purpose. Considering the complexity of the creation of a health-related web site, this is not a surprise.
In the present study, the HON label does not appear as a good content quality indicator despite the higher content quality scores obtained by the sites holding the HON label. This is possibly due to the fact that the HON label is more in relation to an ethical chart than to content quality in itself. The DISCERN score was associated with content quality which is in accordance with several previous studies [18, 20] .
A DISCERN score [40 out of 80 seems to be a potentially good indicator of good content quality websites with a relatively high specificity (0.96) and an average sensibility (0.45). Using this cutoff, only 4% of all poor content quality websites were incorrectly identified as good to very good ones. This results is quite similar, a little bit better than the ones obtained with the 6-items version of the DISCERN, the cut-off value of the Brief DISCERN (sensibility 0.357 and specificity 0.945) [23] .
The present study has several limitations. It only gives account of the situation on bipolar disorder, social phobia, cannabis, cocaine, alcohol and gambling related websites related websites between July 2006 and September 2007. So, the conclusion may be not true of the whole health-related websites domains. General search engines were used rather than medical search engines which, are however more commonly used by general population, and lead to quite similar results [32] . The study may not reproduce behaviors of all Internet consumers who possibly use variable search methods in regard to keywords and search engines used. A further limitation is that same coders have assessed websites with DISCERN, HON and content quality. It however remains that the inter-coder reliability was high on a random sample of websites especially for DISCERN and for content quality considered separately (evaluation of DISCERN without any measure of content quality and conversely). It is furthermore difficult to have DISCERN coders fully blind to content quality, because raters have to read text before encoding.
Furthermore, in the present study, websites were evaluated by professionals. This aspect may limit the extension of the results to laypersons. It was however found in a previous study that consumer and health professionals DISCERN ratings are significantly correlated [19] . Further studies may however help to connect content quality and patient's treatment through informed choices by having consumers themselves assessing the information and indicate treatment-choices, a process which may be also mediated by other factors than the evaluation of content-quality.
Nonetheless, this study brings to evidence on a large sample of health-related one interesting content quality indicator.
Conclusion
In conclusion, the DISCERN is a potential quality indicator with a relatively high specificity.
